The spectrophotometric determination of the dissociation constant of a cadmium-nitrate complex by Vassian, Edwin George
In p r e s e n t i n g t h e d i s s e r t a t i o n as a p a r t i a l fulfillment 
of the r e q u i r e m e n t s for an a d v a n c e d degree f r o m t h e G e o r g i a 
Institute of Technology, I agree that the Library of t h e I n s t i ­
t u t i o n s h a l l m a k e it a v a i l a b l e for i n s p e c t i o n a n d c i r c u l a t i o n 
i n a c c o r d a n c e w i t h its r e g u l a t i o n s g o v e r n i n g m a t e r i a l s of 
this t y p e . I agree that p e r m i s s i o n to copy f r o m this d i s ­
s e r t a t i o n m a y b e g r a n t e d b y t h e p r o f e s s o r u n d e r w h o s e d i r e c t i o n 
it w a s w r i t t e n , or i n h i s a b s e n c e b y the D e a n of t h e G r a d u a t e 
D i v i s i o n w h e n s u c h c o p y i n g or p u b l i c a t i o n is solely for 
s c h o l a r l y p u r p o s e s a n d does not i n v o l v e p o t e n t i a l financial 
g a i n s . It is u n d e r s t o o d c o p y i n g f r o m or p u b l i c a t i o n o f this 
d i s s e r t a t i o n w h i c h involves p o t e n t i a l financial gains will not 
b e a l l o w e d w i t h o u t w r i t t e n p e r m i s s i o n . 
T H E S P E C T R O P H O T O M E T R Y D E T E R M I N A T I O N 
O F T H E D I S S O C I A T I O N CONSTANT O F A C A D M I U M - N I T R I T E C O M P L E X 
A THESIS 
P r e s e n t e d to 
t h e Faculty o f the G r a d u a t e D i v i s i o n 
G e o r g i a Institute of Technology 
In P a r t i a l F u l f i l l m e n t 
of t h e R e q u i r e m e n t s for the D e g r e e 
f a s t e r of S c i e n c e i n Chemistry 
E d w i n Gl 6 V a s s i a n 
June. 1956 
T H E S P E C T R O P H O T O M E T R I C D E T E R M I N A T I O N 
O F T H E D I S S O C I A T I O N CONSTANT O F A C A D M I U M - N I T R I T E C O M P L E X 
Approved: 
- * 0 < m / , y j I 
D a t e A p p r o v e d b y Chairman: J^l/ne 
iii 
A C K N O W L E D G M E N T S 
T h e author w i s h e s to express h i s a p p r e c i a t i o n to 
D r . W i l l i a m H . E b e r h a r d t for h i s g e n e r o u s a i d . v a l u a b l e 
c r i t i c i s m s , a n d g u i d a n c e t h r o u g h o u t the p r e p a r a t i o n of this 
thesis* G r a t i t u d e is also e x t e n d e d to D r . W i l l i a m M . 
Spicer a n d D r . H o m e r V* Grubb for their r e v i e w a n d c r i t i c i s m 
of t h e topic* 
iv 
A C K N O W L E D G M E N T S iii 
L I S T O F T A B L E S V 
L I S T O F S Y M B O L S . • . vi 
A B S T R A C T vii 
C H A P T E R 
I. I N T R O D U C T I O N 1 
I I . D E T E R M I N A T I O N O F T H E D I S S O C I A T I O N CONSTANT 
O F N I T R O U S A C I D 4 
B a s i c c o n s i d e r a t i o n s 
D e r i v a t i o n of formulae 
E x p e r i m e n t a l d a t a 
D e t e r m i n a t i o n of the d i s s o c i a t i o n 
c o n s t a n t at u n i t i o n i c s t r e n g t h 
Summary 
I I I . D E T E R M I N A T I O N O F T H E D I S S O C I A T I O N C O N S T A N T 
O F C A D M I U M ION C O M P L E X I N G W I T H N I T R I T E ION. . 15 
M e a s u r e m e n t s w i t h c a d m i u m c h l o r i d e 
a n d c a d m i u m p e r c h l o r a t e 
R e a g e n t s 
E q u i l i b r i a c o n s i d e r e d 
D e t e r m i n a t i o n of t h e e x t i n c t i o n c o ­
e f f i c i e n t of the c a d m i u m - n i t r i t e 
complex 
E x p e r i m e n t a l d a t a 
D e r i v a t i o n of formulae 
D i s c u s s i o n of r e s u l t s 
D e t e r m i n a t i o n of n b y t h e m e t h o d of 
continuous variations 
IV. SUMMARY 36 
A P P E N D I X A 3 7 
A P P E N D I X B 4 0 
B I B L I O G R A P H Y 4 1 
P a g e 
T A B L E O F C O N T E N T S 
V 
L I S T O F T A B L E S 
T a b l e P a g e 
1 . O p t i c a l D e n s i t y o f S o l u t i o n s o f N i t r i t e 
I o n a t V a r i o u s p H V a l u e s 1 0 
2 . D i s s o c i a t i o n C o n s t a n t s C a l c u l a t e d 
f o r H N 0 2 a t 2 5 ° C 1 2 
3 * C a l c u l a t e d V a l u e s o f e i m o o a t a 
W a v e l e n g t h o f 3 5 8 m u . . 1 2 
4 . D i s s o c i a t i o n C o n s t a n t s C a l c u l a t e d f o r 
N i t r o u s A c i d a t L o w a n d H i g h I o n i c S t r e n g t h s . . 1 4 
5 . O p t i c a l D e n s i t y o f S o l u t i o n s C o n t a i n i n g a 
H i g h R a t i o o f C a d m i u m t o N i t r i t e I o n s . . . . . 2 1 
6 . O p t i c a l D e n s i t i e s o f S o l u t i o n s o f C a d m i u m 
a n d N i t r i t e I o n s O b s e r v e d a t t h e W a v e l e n g t h 
o f M a x i m u m A b s o r p t i o n o f t h e C o m p l e x , 3 2 0 m u . • 2 3 
7 . O p t i c a l D e n s i t i e s o f S o l u t i o n s o f N i t r i t e 
I o n , A l o n e , a t V a r i o u s p H V a l u e s . 2 5 
8 . C a l c u l a t e d V a l u e s f o r M o l a r E x t i n c t i o n 
C o e f f i c i e n t o f N i t r o u s A c i d a t 3 2 0 m u 2 6 
9 . D i s s o c i a t i o n C o n s t a n t s f o r t h e C a d m i u m * 
N i t r i t e C o m p l e x U s i n g t h e E x p e r i m e n t a l 
M o l a r E x t i n c t i o n C o e f f i c i e n t s . 2 9 
10., D i s s o c i a t i o n C o n s t a n t s f o r C a d m i u m - N i t r i t e 
C o m p l e x U s i n g A d j u s t e d M o l a r E x t i n c t i o n 
C o e f f i c i e n t s 3 0 
1 1 . E x p e r i m e n t a l D - x D * V a l u e s a t u s l . O O 3 2 
1 2 . E x p e r i m e n t a l D - x D * V a l u e s a t u = 0 . 0 5 3 3 
1 3 . C a l c u l a t e d D - x D ' V a l u e s f o r n E q u a l t o 
O n e a n d T w o • 3 4 
1 4 . D i s s o c i a t i o n C o n s t a n t s C a l c u l a t e d f o r 
t h e C a d m i u m - C h l o r i d e C o m p l e x ( C d C l O 3 9 
L I S T O F SYMBOLS 
m o l a r e x t i n c t i o n c o e f f i c i e n t / c m " 1 (Mole/L )27 
o p t i c a l density or a b s o r b e n c y 
c a d m i u m - n i t r i t e complex 
c o n c e n t r a t i o n in m o l e s p e r liter 
i n i t i a l c o n c e n t r a t i o n in m o l e s p e r liter 
a b s o r p t i o n - c e l l length i n cm. 
d i s s o c i a t i o n c o n s t a n t 
i o n i c s t r e n g t h 
A B S T R A C T 
S p e c t r o p h o t o m e t r i c o b s e r v a t i o n s o n m i x t u r e s of c a d m i u m 
a n d n i t r i t e ion, at d e f i n i t e p H values, g i v e s t r o n g i n d i c a ­
t i o n of the f o r m a t i o n of a complex or complexes b e t w e e n the 
c a d m i u m a n d n i t r i t e i o n s . B y k e e p i n g t h e n i t r i t e i o n c o n ­
c e n t r a t i o n constant a r o u n d 0.02F, a n d gradually i n c r e a s i n g 
the c o n c e n t r a t i o n of c a d m i u m ion, it w a s f o u n d that the w a v e ­
length of m a x i m u m a b s o r p t i o n of the s o l u t i o n s of c a d m i u m a n d 
n i t r i t e i o n s s h i f t e d f r o m 3 5 5 m u , w h i c h is the w a v e l e n g t h of 
m a x i m u m a b s o r p t i o n for n i t r i t e i o n alone, to 3 2 0 m u for s o l u ­
tions of h i g h c o n c e n t r a t i o n i n c a d m i u m ion* T h e o c c u r r e n c e 
of a n i s o s b e s t i c p o i n t at 3 3 7 m u gives s t r o n g i n d i c a t i o n that 
only o n e complex is b e i n g f o r m e d b e t w e e n t h e c a d m i u m a n d 
n i t r i t e ions* 
In o r d e r to d e t e r m i n e the f o r m u l a a n d d i s s o c i a t i o n c o n ­
s t a n t of this complex, s o l u t i o n s of c a d m i u m p e r c h l o r a t e a n d 
p o t a s s i u m n i t r i t e w e r e s t u d i e d over a l i m i t e d r a n g e of c o n c e n ­
t r a t i o n at v a r i o u s p H values* T h e s e s o l u t i o n s w e r e m a i n t a i n e d 
at an i o n i c s t r e n g t h of u n i t y b y the a d d i t i o n of s o d i u m p e r ­
chlorate* It w a s s h o w n t h a t the p e r c h l o r a t e i o n does n o t c o m ­
p l e x a p p r e c i a b l y w i t h cadmium ion* In r e d u c i n g t h e s e d a t a , a 
i^2—n 
formula, C d ( N 0 2 ) n > ~ w a s a s s u m e d for the complex a n d a n a t t e m p t 
w a s m a d e to f i n d a s i n g l e d i s s o c i a t i o n constant w h i c h w o u l d b e 
essentially i n d e p e n d e n t of the c a d m i u m i o n formality* T h e 
d a t a s u p p o r t a f o r m u l a C d ( N 0 2 ) ^ w i t h a d i s s o c i a t i o n c o n s t a n t 
viii 
o f 1.4 x 10 . V a l u e s of n greater than two are completely 
u n s a t i s f a c t o r y b u t s o m e s u p p o r t can b e given for n equal to 
t w o . T h e m e t h o d of continuous v a r i a t i o n s s u g g e s t e d by Job 
w a s e m p l o y e d to c o n f i r m the f o r m u l a of t h e complex. A l t h o u g h 
the t e c h n i q u e , e m p l o y e d i n this i n v e s t i g a t i o n , is not entirely 
u n e q u i v o c a l , it lends s t r o n g s u p p o r t to the value of n equal 
to o n e . 
In t h is s t u d y 9 it w a s necessary to consider the e q u i l i b ­
rium: 
H N 0 2 ^ZZ / NOg 
s i n c e t h e s o l u t i o n s o b s e r v e d s p e c t r o p h o t o m e t r i c a l l y w e r e m a i n ­
t a i n e d at low p H v a l u e s i n o r d e r to p r e v e n t t h e h y d r o l y s i s of 
the c a d m i u m i o n i n a q u e o u s m e d i u m . T h e d i s s o c i a t i o n constant 
of n i t r o u s a c i d at an i o n i c s t r e n g t h of u n i t y w a s d e t e r m i n e d 
to b e 15.9 x 1 0 ~ 4 . T h e i o n i c s t r e n g t h of u n i t y w a s o b t a i n e d 
b y the a d d i t i o n of s o d i u m p e r c h l o r a t e to the b u f f e r e d s o l u ­
tions of p o t a s s i u m n i t r i t e . A t a n i o n i c s t r e n g t h of 0,07, t h e 
d i s s o c i a t i o n c o n s t a n t o f n i t r o u s a c i d w a s f o u n d t o b e 5.15 x 
-4 
10 , w h i c h is essentially i n a g r e e m e n t w i t h the v a l u e r e ­
p o r t e d i n the literature. 
E n o u g h i n f o r m a t i o n w a s o b t a i n e d o n the cadmium, 
c h l o r i d e , a n d n i t r i t e ion s y s t e m s to m a k e an a p p r o x i m a t e c a l ­
c u l a t i o n of t h e d i s s o c i a t i o n constant of a p o s s i b l e c a d m i u m -
c h l o r i d e complex. It w a s a s s u m e d that only o n e c a d m i u m -
c h l o r i d e complex w a s f o r m e d of the formula C d C l . T h e d i s ­
s o c i a t i o n c o n s t a n t of this complex is c a l c u l a t e d to b e i n 
ix 
r e a s o n a b l e agreement w i t h the v a l u e g i v e n in the literature. 
S o l u t i o n s c o n t a i n i n g s e v e r a l other c a t i o n s , each 
s e p a r a t e l y m i x e d w i t h the n i t r i t e i o n , w e r e e x a m i n e d to 
d e t e r m i n e if any i n d i c a t i o n of complex f o r m a t i o n e x i s t e d . 
R u b i d i u m , c e s i u m , m a g n e s i u m , a n d c a l c i u m ions w e r e s e p a r a t e l y 
m i x e d w i t h n i t r i t e i o n b u t their s p e c t r a g a v e little i n d i c a ­
t i o n o f complex f o r m a t i o n . M e r c u r y a n d z i n c w e r e also 
s e p a r a t e l y m i x e d w i t h n i t r i t e i o n a n d s p e c t r o p h o t o m e t r i c o b ­
s e r v a t i o n s of t h e s e s o l u t i o n s g a v e s t r o n g e v i d e n c e of c o m p l e x 
f o r m a t i o n . 
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The u l t i m a t e p u r p o s e of this i n v e s t i g a t i o n is the 
d e t e r m i n a t i o n of the m o l e c u l a r formulae a n d d i s s o c i a t i o n 
constants of complex ions f o r m e d by the u n i o n of various 
cations a n d the n i t r i t e ion. The general m e t h o d of e x p e r i ­
m e n t a l p r o c e d u r e u s e d in attempting to c o l l e c t d a t a for s u c h 
a d e t e r m i n a t i o n is to p r e p a r e s o l u t i o n s of k n o w n formality 
of the c a t i o n a n d n i t r i t e ion, at a k n o w n p H , a n d t h e n to 
o b s e r v e the a b s o r p t i o n s p e c t r u m of the s o l u t i o n . 
T h e k n o w l e d g e that the n i t r i t e i o n absorbs i n the u l ­
t r a - v i o l e t r e g i o n p r o v i d e d a s t i m u l u s for this i n v e s t i g a t i o n . 
It w a s t h o u g h t that if the n i t r i t e ion c o u l d b e c o m p l e x e d 
w i t h some cation, a s p e c t r o p h o t o m e t r i c o b s e r v a t i o n of the 
r e s u l t i n g complex w o u l d result in o b t a i n i n g s u f f i c i e n t ex­
p e r i m e n t a l d a t a for the d e t e r m i n a t i o n of the m o l e c u l a r f o r ­
m u l a a n d the d i s s o c i a t i o n c o n s t a n t . It w a s t h o u g h t that if 
this d e t e r m i n a t i o n p r o v e d s u c c e s s f u l , it m i g h t i n d i c a t e a 
d i f f e r e n t m e t h o d of i n v e s t i g a t i n g the m o l e c u l a r f o r m u l a e a n d 
d i s s o c i a t i o n constants of a c e r t a i n class of complex i o n s . 
In this study, w a t e r s o l u t i o n s c o n t a i n i n g a low c o n ­
c e n t r a t i o n of the ions u n d e r o b s e r v a t i o n w e r e u s e d . Some 
of the e q u i l i b r i a that w e r e taken under c o n s i d e r a t i o n w e r e : 
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/ N O 2 ^ T Z H N 0 2 (1) 
M ^ 2 / n N O £ M ( N 0 2 ) n 2 " n (2) 
M 1 * 2 / m X " ^r=r M X m 2 _ m ( 3 ) 
M / 2 / p O H " ^ = Z M ( O H ) p 2 " P ( 4 ) 
W h e r e : M = G r o u p I I B c a t i o n 
X r H a l i d e i o n 
E q u i l i b r i u m 1 m u s t b e c o n s i d e r e d s i n c e t h i s e q u i l i b r i u m w i l l 
a l w a y s b e p r e s e n t a s l o n g a s s o m e n i t r i t e i o n r e m a i n s i n 
s o l u t i o n . E q u i l i b r i u m 2 i s t h e o n e t h a t i s u n d e r i n v e s t i g a ­
t i o n . E q u i l i b r i u m 3 w a s t a k e n i n t o c o n s i d e r a t i o n s i n c e i t 
i s k n o w n t h a t t h e h a l i d e s o f G r o u p I l g , p a r t i c u l a r l y t h o s e 
o f c a d m i u m a n d m e r c u r y , a r e n o t c o m p l e t e l y d i s s o c i a t e d i n 
s o l u t i o n . T h e h a l i d e s o f t h e s e s a l t s p r o v i d e a r e a d i l y a v a i l ­
a b l e s o l u b l e s a l t t h a t d o e s n o t a b s o r b a p p r e c i a b l y i n t h e 
u l t r a - v i o l e t r e g i o n . E q u i l i b r i u m 4 w a s t a k e n i n t o c o n s i d e r a ­
t i o n s i n c e i n a n a q u e o u s m e d i u m , t h e r e w i l l a l w a y s b e a 
c e r t a i n a m o u n t o f h y d r o x y l i o n p r e s e n t a n d t h u s t h e p o s s i b i l ­
i t y t h a t t h i s e q u i l i b r i u m e x i s t s . 
I t b e c o m e s n e c e s s a r y , w h e n c a l c u l a t i n g t h e d i s s o c i a ­
t i o n c o n s t a n t o f a c a t i o n - n i t r i t e c o m p l e x , t o k n o w t h e d i s ­
s o c i a t i o n c o n s t a n t o f n i t r o u s a c i d a t t h e s a m e t e m p e r a t u r e 
a n d i o n i c s t r e n g t h a t w h i c h t h e s o l u t i o n o f t h e c o m p l e x w a s 
o b s e r v e d . T h e f i r s t p a r t o f t h i s i n v e s t i g a t i o n i s c o n c e r n e d 
w i t h t h e d e t e r m i n a t i o n o f t h e d i s s o c i a t i o n c o n s t a n t o f n i ­
t r o u s a c i d a t 25°C a n d p a r t i c u l a r l y i n a s o l u t i o n w h o s e i o n i c 
s t r e n g t h i s a b o u t u n i t y . A l i t e r a t u r e s e a r c h r e v e a l e d t h a t 
3 
no previous investigator h a s r e p o r t e d the d i s s o c i a t i o n c o n ­
stan t of n i t r o u s a c i d u n d e r s u c h conditions of temperature 
a n d i o n i c s t r e n g t h . O n e of the few d e t e r m i n a t i o n s r e p o r t e d 
in the literature o n the d i s s o c i a t i o n c o n s t a n t of n i t r o u s 
a c i d at a temperature of 2 5 ° C , but at a low i o n i c s t r e n g t h , 
w a s m a d e by H . Schmid, R. Marchgraber, a n d F. Dunkl (1). By 
u t i l i z i n g conductivity m e a s u r e m e n t s o n s o l u t i o n s of s o d i u m 
n i t r i t e a n d h y d r o c h l o r i c acid, these i n v e s t i g a t o r s r e p o r t e d 
a d i s s o c i a t i o n constant of 5.1 x 1 0 ~ 4 for n i t r o u s a c i d at 
2 5 ° C . 
T h e s e c o n d p a r t of this thesis w i l l b e c o n c e r n e d 
p r i m a r i l y w i t h the d e t e r m i n a t i o n of the d i s s o c i a t i o n c o n s t a n t 
of a c a d m i u m - n i t r i t e complex. E v i d e n c e w i l l t h e n b e s h o w n 
that t h e z i n c a n d m e r c u r i c cations also complex w i t h the 
n i t r i t e i o n in aqueous s o l u t i o n . It is b e l i e v e d that the 
d i s s o c i a t i o n constants of t h e s e z i n c - n i t r i t e a n d m e r c u r i c -
n i t r i t e complexes may b e d e t e r m i n e d in a m a n n e r similar to 
the o n e that w i l l b e s h o w n for the d e t e r m i n a t i o n of the 
c a d m i u m - n i t r i t e complex. 
C H A P T E R II 
D E T E R M I N A T I O N O F T H E D I S S O C I A T I O N 
C O N S T A N T O F N I T R O U S A C I D 
B a s i c c o n s i d e r a t i o n s . — T h e s p e c t r a l r e g i o n in w h i c h all 
s o l u t i o n s i n this t h e s i s w e r e s t u d i e d w a s b e t w e e n 250 a n d 
380 m i l l i m i c r o n s (mu). T h i s r a n g e c o r r e s p o n d s to the near 
u l t r a v i o l e t r e g i o n w h e r e a b s o r p t i o n of a q u a n t u m of light 
is d e p e n d e n t u p o n e l e c t r o n i c t r a n s i t i o n s w i t h i n the a b s o r b ­
i n g m o l e c u l e . T h e r e l a t i o n , k n o w n as t h e B e e r - L a m b e r t law. 
w h i c h forms the b a s i s for o b t a i n i n g q u a n t i t a t i v e i n f o r m a ­
t i o n f r o m s p e c t r o p h o t o m e t r i c d a t a is: 
IglO J 0 * e c l < x ) 
Where: I Q ( x ) = energy of w a v e l e n g t h , x, t r a n s m i t t e d 
b y a cell of t h i c k n e s s , 1, c o n t a i n i n g 
p u r e s o l v e n t . 
*(x) = e n e r £ v °* w a v e l e n g t h , x, t r a n s m i t t e d 
by s o l u t i o n i n a s i m i l a r cell of the 
s a m e length, 1. 
c r c o n c e n t r a t i o n of s o l u t i o n in m o l e s p e r 
liter. 
e s m o l a r e x t i n c t i o n c o e f f i c i e n t w h i c h is 
c h a r a c t e r i s t i c of the a b s o r b i n g m e d i u m 
a n d is a f u n c t i o n of the w a v e l e n g t h . 
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T w o o t h e r q u a n t i t i e s h a v e b e e n d e f i n e d w h i c h c a n b e 
u s e d t o p u t 1 i n a m o r e c o n v e n i e n t f o r m . T h e r a t i o . I / I Q 
i s d e f i n e d a s t h e " t r a n s m i t t a n c y M T , o f t h e s o l u t i o n , a n d 
- l g l O T i s k n o w n a s t h e " o p t i c a l d e n s i t y " o r " a b s o r b e n c y " o f 
t h e s o l u t i o n . T h u s . 1 c a n b e w r i t t e n a s 
D = e e l ( 2 ) 
T h e o p t i c a l d e n s i t y i s t h e q u a n t i t y t h a t i s r e c o r d e d d i r e c t ­
l y f r o m t h e s p e c t r o p h o t o m e t e r . I t c a n b e s e e n f r o m 2 t h a t 
a l a r g e v a l u e o f " e " f o r a p a r t i c u l a r s u b s t a n c e a t a g i v e n 
w a v e l e n g t h i n d i c a t e s a s t r o n g a b s o r b e r a n d . c o n v e r s e l y , a 
s m a l l v a l u e o f " e " i n d i c a t e s a w e a k a b s o r b e r . 
R e l a t i o n 2 i s t h e e x p r e s s i o n f o r a s i n g l e 
a b s o r b i n g s p e c i e s . I f m o r e t h a n o n e a b s o r b e r i s p r e s e n t , 
t h e r e s u l t a n t a b s o r b e n c y i s t h e s u m o f t h e i n d i v i d u a l o p t i c a l 
d e n s i t y o f e a c h a c t i v e s p e c i e s p r e s e n t a n d e q u a t i o n 2, i n 
t h e m o r e g e n e r a l c a s e , w o u l d b e w r i t t e n a s 
D - e^c^l / e 2 c 2 l e n c n l (3) 
w h e r e t h e s u b s c r i p t s r e f e r t o t h e v a r i o u s s u b s t a n c e s p r e s e n t . 
R e l a t i o n 3 m a y b e r e g a r d e d a s t h e f o r m u l a t i o n 
f r o m w h i c h q u a n t i t a t i v e i n f o r m a t i o n i s d e r i v e d f r o m t h e 
s p e c t r o p h o t o m e t e r . 
R e l a t i o n 1 w a s d e r i v e d o n t h e a s s u m p t i o n t h a t t h e 
m o l a r e x t i n c t i o n c o e f f i c i e n t , e , d o e s n o t v a r y w i t h a c h a n g e 
i n c o n c e n t r a t i o n o f t h e a b s o r b i n g s p e c i e s . C h a n g e s i n 
c o n c e n t r a t i o n m a y l e a d t o c h a n g e s i n t h e n a t u r e o f t h e m o l e c ­
u l a r s p e c i e s i n s o l u t i o n . S u c h c h a n g e s i n c l u d e p o l y m e r 
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f o r m a t i o n a n d the f o r m a t i o n of other k i n d s of m o l e c u l a r 
a s s o c i a t i o n s a n d also d i s s o c i a t i o n . If s u c h changes take 
p l a c e , the o p t i c a l density w i l l no longer vary linearly 
w i t h the c o n c e n t r a t i o n of t h e a b s o r b i n g s p e c i e s a n d d e v i a ­
tions f r o m r e l a t i o n 2 w i l l b e o b s e r v e d . 
T h e p r i n c i p l e p i e c e of e q u i p m e n t u s e d in this i n v e s ­
t i g a t i o n w a s a B e c k m a n D. U . q u a r t z a p e c t r o p h o t o m e t e r w i t h 
a p h o t o m u l t i p l i e r a t t a c h m e n t . A temperature control u n i t 
w a s p l a c e d o n one s i d e of the cell c o m p a r t m e n t . It c o n ­
s i s t e d of a flat, m e t a l p l a t e w i t h grooves b o r e d in its c e n ­
ter s u c h that water c o u l d b e c i r c u l a t e d t h r o u g h its interior 
w h e n the p l a t e w a s a t t a c h e d to a w a t e r p u m p w i t h a t h e r m o ­
s t a t r e g u l a t o r . In this m a n n e r , the temperature of the 
liquids i n the a b s o r p t i o n cells c o u l d b e m a i n t a i n e d w i t h i n 
£ 0.1 of a d e g r e e c e n t i g r a d e of the d e s i r e d temperature. 
T h e light s o u r c e u s e d o n this instrument w a s a h y d r o g e n d i s ­
c h a r g e lamp. 
T h e s i l i c a a b s o r p t i o n cells w e r e e x a m i n e d for v a r i a ­
tions i n o p t i c a l density at v a r i o u s w a v e l e n g t h s by f i l l i n g 
b o t h cells w i t h d i s t i l l e d w a t e r a n d t h e n o b s e r v i n g d e v i a t i o n s 
in the light t r a n s m i t t e d at d i f f e r e n t w a v e l e n g t h s i n the 
r a n g e 260-380 m u . N o s i g n i f i c a n t d i f f e r e n c e b e t w e e n the two 
cells w a s o b s e r v e d . The cells w e r e 1.001 a n d 1.004 c m . i n 
l e n g t h a n d h e n c e f o r t h , the number 1 w i l l b e c o n s i d e r e d to b e 
1.000 cm. for all c a l c u l a t i o n s . T h i s a s s u m p t i o n w i l l i n t r o ­
duce a n e g l i g i b l e error i n the c a l c u l a t i o n s to b e r e p o r t e d . 
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The p H of all solutions w a s d e t e r m i n e d by u t i l i z i n g 
a B e c k m a n p H m e t e r w h i c h w a s s t a n d a r d i z e d w i t h a s t a n d a r d 
b u f f e r s o l u t i o n w h i c h w a s c e r t i f i e d to h a v e a p H of 7.00. 
R e a d i n g s a r e r e l i a b l e to w i t h i n 0.1 of a p H u n i t . 
D e r i v a t i o n of f o r m u l a e . — T h e c a l c u l a t i o n s that are u s e d to 
d e t e r m i n e t h e d i s s o c i a t i o n c o n s t a n t of n i t r o u s a c i d i n this 
thesis r e q u i r e t h a t o b s e r v a t i o n s b e m a d e o n two s e p a r a t e 
s o l u t i o n s of n i t r i t e i o n at d i f f e r e n t p H v a l u e s or different 
initial c o n c e n t r a t i o n s of n i t r i t e i o n or b o t h . T h r e e i n d e ­
p e n d e n t r e l a t i o n s h i p s are k n o w n from w h i c h six i n d e p e n d e n t 
e q u a t i o n s c a n b e w r i t t e n . T h e classical d i s s o c i a t i o n c o n ­
s t a n t i n terms of c o n c e n t r a t i o n s w i l l b e e v a l u a t e d . 
T h e three i n d e p e n d e n t r e l a t i o n s h i p s are: 
^ H N 0 2 
C = c 
(4) 
oncentrati o n 
i n i t i a l c o n c e n t r a t i o n of n i t r i t e i o n 
CjjOg = c o n c e n t r a t i o n of n i t r i t e i o n 
D
 =
 e H N 0 2
 C
m*021 * e N 0 2 C N 0 2 1 (5) 
e » m o l a r e x t i n c t i o n c o e f f i c i e n t at a g i v e n 
w a v e l e n g t h 
D « o p t i c a l density at a g i v e n w a v e l e n g t h 
H N 0 2 
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Kjjj^ q is d i s s o c i a t i o n constant of n i t r o u s 
2 
a c i d at a g i v e n i o n i c s t r e n g t h 
E q u a t i o n s 4, 5 a n d 6 apply to b o t h s o l u t i o n s o b s e r v e d . 
S u b s c r i p t s 1 a n d 2 i n the following equations are u s e d to 
d i s t i n g u i s h o n e s o l u t i o n f r o m the o t h e r . All s p e c t r o p h o t o ­
m e t r y o b s e r v a t i o n s w e r e m a d e at a w a v e l e n g t h of 358 m u . 
F r o m equations 4, 5 a n d 6, w e c a n w r i t e for each of t h e two 
s o l u t i o n s the f o l l o w i n g r e l a t i o n s h i p s : 
e H N 0 2 C 1 H N 0 2 1 / e N O i C 1 N 0 - 1 « D x (7) 
e H N 0 2 ^ H N O g 1 + e N 0 2 ^ N O " 1 c D 2 ( 8 ) 
C 1 H N 0 2 + C 1 N 0 2 = C 1 N 0 2 ( 9 ) 
C 2 H N 0 2 + C 2 N 0 2 = C 2 N 0 2 ( i 0 > 
K l = <W C1N07 
'2 
C 1 H N 0 2 
K 2 = C 2 H ^ C 2 N 0 2 ( 1 2 ) 
C 2 H N 0 2 
Let u s a s s u m e that C ° N 0 - e C 2 N 0 = C ° a n d t h a t K l s K 2 * 
2 2 
S o l v i n g equations 9 a n d 10 for C^Q- a n d C 2 N 0 2 r e s P e c t i v e l v > 
a n d s u b s t i t u t i n g b a c k into (7) a n d (8), w e o b t a i n : 
S H N 0 2 C 1 N 0 2 1 / ©NOg < C ° - C 1 H N 0 2 ) 1 = *>1 (13) 
e H N 0 2 C 2 H N 0 2 1 * e N 0 2 < C ° - C 2 H N 0 2 > * = °2 < 1 4 > 
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S o l v i n g ( 1 3 ) a n d ( 1 4 ) for ej^Og a n d equating, w e o b t a i n 
Pl-SNOg ^ - C l H N O g ) 1 = ( C Q " C 2 H N 0 2 > ' 1 < 1 5 ) 
C 1 H N 0 2 C 2 H N 0 2 
B y r e a r r a n g i n g terms i n ( 1 5 ) a n d s o l v i n g for C 2jjfl 0 / 
C 1 H N 0 2 w e o b t a i n 
C 2 H N 0 9 D 2 " e N 0 o 0 0 1 
1 = - - B ( 1 6 ) 
C l H N 0 2 D l " e N 0 - C C > 1 
R e m e m b e r i n g that = K 2 , w e next d i v i d e e q u a t i o n 1 1 
by e q u a t i o n 12 a n d obtain: 
C 2 H N 0 9 C 1 N 0 " C 1 H ^ 1 = £ • £ . ( 1 7 ) 
C 1 H N 0 2 C 2 N 0 2 C 2 H ^ 
S u b s t i t u t i n g ( 1 6 ) into ( 1 7 ) a n d s o l v i n g for C 2 N 0 - , w e 
h a v e 
C o v n - = B C 1 W n r . C 1 H ^ 
-2N05 - I M g • _ _
 ( l 8 ) 
S u b s t i t u t i n g (16) a n d (18) into (10), w e o b t a i n 
C / 
B C l w w n / B C 1 K n - - C ° (19) 1 H N 0 2 1 N 0 2 C 2 H / 
S o l v i n g (19) a n d (9) for C 1 H N 0 w e h a v e 
2 
C° (1 - B ! i3£) 
C 1 H N 0 2 = C 2 g (20) 
B (1 - Clb7) 
C 2 H ^ 
If t he initiaj. c o n c e n t r a t i o n s o f n i t r i t e i o n are not 
the s a m e i n the two s o l u t i o n s u n d e r c o n s i d e r a t i o n , t h e n w e 
o b t a i n for eq u a t i o n (16) b y the s a m e reasoning: 
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D 2 - e N O j C 2 1 
D l - e N 0 2 C ? 1 
B f (21) 
f r o m w h i c h is finally d e r i v e d a n e x p r e s s i o n s i m i l a r to (20 
w h i c h is: 
C 2 N 0 ~ ~ B ' c l N 0 r C l H ^ 
B ' ( l -
2 2 C 2 Hy* 
C 1 H N 0 2 = : (22) 
E x p e r i m e n t a l d a t a . - - O b s e r v a t i o n s w e r e m a d e o n several d i f ­
ferent s o l u t i o n s of n i t r i t e i o n b u f f e r e d at v a r i o u s p H 
v a l u e s . T h e d a t a of these s o l u t i o n s is s u m m a r i z e d in table 1 
T A B L E 1 
O p t i c a l Density of S o l u t i o n s of N i t r i t e Ion at V a r i o u s 
p H V a l u e s 
S o l u t i o n p H D 3 5 8 m u C N 0 5 u 
(1) 4.55 2.82 x 1 0 ~ 5 0.530 0.02257 0.06 
(2) 3.23 5.59 x I O " 4 0.798 0.02257 0.07 
(3) 3.20 6.33 x 1 0 ~ 4 0.840 0.02302 0.07 
(4) 2.19 6.45 x 1 0 ~ 3 1.03 0.02257 0.08 
(5) 6.50 3.16 x 1 0 ~ 7 0.501 0.02257 0.02 
A l l r e a g e n t s u s e d w e r e of C . P. g r a d e . T h e p o t a s s i u m 
n i t r i t e w a s a n a l y z e d by the m e t h o d r e c o m m e n d e d in K o l t h o f f 
a n d S a n d a l l (2). T h i s analysis d i s c l o s e d that the p o t a s s i u m 
n i t r i t e w a s 95.0 per cent K N 0 2 . T h e rest w a s p r e s u m e d to b e 
p o t a s s i u m n i t r a t e . Neither the p o t a s s i u m i o n or the n i t r a t e 
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i o n absorb appreciably i n the r e g i o n s t u d i e d . 
T h e b u f f e r for s o l u t i o n s 1 a n d 3 c o n s i s t e d of a 
m i x t u r e of s o d i u m acetate a n d a c e t i c a c i d . The b u f f e r for 
2 w a s m a d e by t i t r a t i n g h y d r o c h l o r i c a c i d into a s o l u t i o n 
of p o t a s s i u m a c i d p h t h a l a t e . T h e b u f f e r s o l u t i o n for 4 
c o n s i s t e d of a m i x t u r e of p h o s p h o r i c a c i d a n d p r i m a r y p o t a s ­
s i u m p h o s p h a t e . Solutions d e s i g n a t e d by 5 are u n b u f f e r e d 
p o t a s s i u m n i t r i t e a n d t h e d a t a r e p r e s e n t the m e a n of many 
d e t e r m i n a t i o n s w h i c h d e m o n s t r a t e d i n a d d i t i o n that t h e 
s o l u t i o n s c o n f o r m to B e e r ' s law at this p H . 
A s s u m i n g that t h e d i s s o c i a t i o n c o n s t a n t of nitrous 
a c i d is about 5 x 10"" 4, the ratio of c o n c e n t r a t i o n of n i t r o u s 
a c i d to t h a t of n i t r i t e i o n at a p H of 6.50 (solution 5) is 
a b o u t 1 to 1600 a n d t h e n i t r o u s a c i d may b e n e g l e c t e d . 
H e n c e , t h e s e d a t a allow the e v a l u a t i o n of the m o l a r e x t i n c ­
t i o n c o e f f i c i e n t of the n i t r i t e ion w h i c h w a s f o u n d to b e 
22.2? o.2 c m . " ( M o l e / L ) " 1 at 358 m u . S u b s e q u e n t e x p e r i m e n t s 
h a v e d e m o n s t r a t e d t h a t the s p e c t r u m of n i t r i t e i o n is u n ­
c h a n g e d by i n c r e a s i n g the i o n i c s t r e n g t h to 1.00 w i t h s o d i u m 
p e r c h l o r a t e . 
F i v e d i f f e r e n t combinations of the s o l u t i o n s l i s t e d 
in table 1, t a k e n two at a t i m e , w e r e u s e d to c a l c u l a t e 
K H N 0 2 * T h e P a i r o f d a t a c o r r e s p o n d i n g to s o l u t i o n s 2 a n d 3 
w a s n o t u s e d s i n c e the s m a l l d i f f e r e n c e b e t w e e n the p H v a l u e s 
of these s o l u t i o n s i n t r o d u c e s large e r r o r s i n the c a l c u l a ­
t i o n s . 
1 2 
TABLE 2 
The a r i t h m e t i c mean o f ejjHOg i s 4 7 . 3 £ 0 . 3 cm"" 1 (Mole/D' 
D e t e r m i n a t i o n o f t h e D i s s o c i a t i o n c o n s t a n t a t u n i t i o n i c 
s t r e n g t h . — T h e s o l u t i o n s t h a t w e r e o b s e r v e d i n t h e d e t e r m i n a ­
t i o n o f t h e d i s s o c i a t i o n c o n s t a n t o f t h e c a d m i u m - n i t r i t e 
r l 
D i s s o c i a t i o n C o n s t a n t s C a l c u l a t e d f o r HNO2 a t 2 5 ° C 
S o l u t i o n s K 
( 1 ) , ( 2 ) 5 . 1 7 x 1 C T 4 
( 1 ) , ( 3 ) 5 . 4 4 
( 2 ) , ( 4 ) 5 . 1 5 
( 1 ) , ( 4 ) 5 . 1 6 
( 3 ) , ( 4 ) 4 . 8 7 
The mean v a l u e f o r KHKO2 ( c l a s s i c a l ) f r o m t h e s e f i v e 
—4 
c a l c u l a t i o n s i s 5 * 1 5 x 1 0 w i t h an e s t i m a t e d s t a n d a r d d e v i ­
a t i o n o f - 0 , 2 x 1 0 ~ 4 
The v a l u e f o r was o b t a i n e d b y s o l v i n g e q u a t i o n 
5 f o r ejjNOo a n d u t * l i z * n £ t n e c a l c u l a t i o n s made f o r s o l u -
2 
t i o n s 1 t o 4 . The v a l u e s o b t a i n e d f o r e ^ Q a r e c o n t a i n e d 
2 
i n t a b l e 3 . 
TABLE 3 
C a l c u l a t e d V a l u e s o f e H N 0 2 a t a W a v e l e n g t h o f 3 5 8 mu. 
S o l u t i o n e H N Q 2 
( 1 ) 4 7 . 0 
( 2 ) 4 7 . 6 
( 3 ) 4 7 . 1 
( 4 ) 4 7 . 5 
1 3 
c o m p l e x w e r e m a i n t a i n e d a t a n i o n i c s t r e n g t h o f u n i t y . 
S i n c e t h e d i s s o c i a t i o n c o n s t a n t o f n i t r o u s a c i d i s i n v o l v e d 
i n t h e c a l c u l a t i o n o f t h e d i s s o c i a t i o n c o n s t a n t o f t h e 
c a d m i u m - n i t r i t e c o m p l e x , i t b e c a m e n e c e s s a r y t o d e t e r m i n e 
t h e d i s s o c i a t i o n c o n s t a n t o f n i t r o u s a c i d a t a n i o n i c 
s t r e n g t h o f u n i t y . 
A s o l u t i o n t h a t w a s 0 . 0 2 2 5 7 F i n p o t a s s i u m n i t r i t e a n d 
h a d a p H o f 3 . 2 5 a n d a n i o n i c s t r e n g t h o f 1 . 0 0 w a s p r e p a r e d 
b y m i x i n g s o l u t i o n s o f p o t a s s i u m n i t r i t e a n d p o t a s s i u m a c i d 
p h t h a l a t e — h y d r o c h l o r i c a c i d b u f f e r w i t h e n o u g h s o d i u m p e r -
c h l o r a t e s o l u t i o n t o b r i n g t h e i o n i c s t r e n g t h o f t h e r e s u l t ­
a n t s o l u t i o n u p t o 1 . 0 0 . T h i s s o l u t i o n w a s o b s e r v e d a t 
3 5 8 m u . A n o t h e r c o n t r o l s o l u t i o n w a s p r e p a r e d i n e x a c t l y 
t h e s a m e m a n n e r a s t h e o n e j u s t d e s c r i b e d e x c e p t t h a t n o 
s o d i u m p e r c h l o r a t e s o l u t i o n w a s a d d e d . T h e i o n i c s t r e n g t h 
o f t h i s s e c o n d s o l u t i o n w a s 0 . 0 6 . 
T h e d e r i v a t i o n o f t h e f o r m u l a e u s e d i n t h e s e c a l c u l a ­
t i o n s i s a s f o l l o w s : E q u a t i o n s 4 a n d 5 w e r e s o l v e d f o r C N O -
a n d w e o b t a i n : 
»s C < W : 1 - D e H N O g ^ w g i - u
 ( 2 3 ) 
2 e H N 0 o " e N 0 o 
E q u a t i o n s 2 3 a n d 4 w e r e t h e n u s e d t o o b t a i n C^Q- a n d C H N 0 -
2 2 
r e s p e c t i v e l y , u s i n g t h e v a l u e s o f e^og a n d e H N ( > 2 d e t e r m i n e d 
f r o m t h e s t u d y a t l o w i o n i c s t r e n g t h . T h e C j j / i s k n o w n 
f r o m t h e p H o f t h e s o l u t i o n . T h e d i s s o c i a t i o n c o n s t a n t o f 
n i t r o u s a c i d w a s c a l c u l a t e d a t t h e t w o d i f f e r e n t i o n i c 
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s t r e n g t h s . T h e r e s u l t s are c o n t a i n e d i n table 4. 
T A B L E 4 
D i s s o c i a t i o n C o n s t a n t s C a l c u l a t e d for N i t r o u s A c i d 
at Low a n d H i g h Ionic Strengths 
CN<>2 p H u D K H N 0 2 
0.02257 3.25 1.00 0.650 15.9 x I O " 4 
0.02257 3.25 0.06 0.770 5.95 x 1 0 " 4 
S u m m a r y . — T h e i m p o r t a n t r e s u l t s of this study are the deter­
m i n a t i o n of the following q u a n t i t i e s . 
( D e w r T a t a w a v e l e n g t h of 358 m u = 2 2 # 2 £ 0.2 c m " 1 
*°2 (Mole/L) 
(2) enN0o a t a w a v e l e n g t h of 358 m u = 4 7 . 0.3 c m " 1 
(3) KgNo2 a t i o n i c s t r e n g t h of 0.07 = 5.15 x I O " 4 
(4) K H N O 2 a t i o n i c s t r e n g t h of 1.00 e 15.9 x 1 0 " 4 
T h e i o n i z a t i o n constants are b e l i e v e d r e l i a b l e to 
w i t h i n £ 5 p e r c e n t . 
C H A P T E R III 
D E T E R M I N A T I O N O F T H E D I S S O C I A T I O N C O N S T A N T O F 
C A D M I U M ION C O M P L E X I N G W I T H N I T R I T E ION 
T h e belief that a complex or complexes are f o r m e d 
w h e n c a d m i u m i o n a n d n i t r i t e i o n are i n aqueous s o l u t i o n 
together w a s b a s e d o n t h e d i f f e r e n c e s b e t w e e n t h e a b s o r p ­
tion s p e c t r u m of m i x t u r e s of t h e s e two ions a n d the s p e c t r a 
of the two ions s e p a r a t e l y . T h e s p e c t r u m of n i t r i t e i o n . 
in t h e s p e c t r a l r a n g e 260-380 m u . is w e l l k n o w n . S o l u t i o n s 
of c a d m i u m c h l o r i d e i n this s p e c t r a l r a n g e d i d n o t s h o w any 
a p p r e c i a b l e a b s o r p t i o n . T h e r e f o r e , the v a r i a t i o n i n the 
s p e c t r u m of a s o l u t i o n of n i t r i t e ion u p o n the a d d i t i o n of 
c a d m i u m i o n w a s a t t r i b u t e d to the f o r m a t i o n of a complex or 
complexes b e t w e e n the c a d m i u m i o n a n d n i t r i t e i o n . Fig. 1 
s h o w s g r a p h i c a l l y the r e s u l t s o b t a i n e d f r o m t h e study of 
s o l u t i o n s h a v i n g a constant formality of 0.0221 i n p o t a s s i u m 
n i t r i t e b u t v a r y i n g c o n c e n t r a t i o n s of c a d m i u m c h l o r i d e . The 
c a d m i u m c o n c e n t r a t i o n v a r i e d from 0 . 0 0 0 0 2 0 0 F to 2 . O O F . T h e 
p H of all s o l u t i o n s w a s about 6.0. 
G r a p h 2 i n Fig. 1 is t h e curve o b t a i n e d w h e n the 
s o l u t i o n w a s 0 . 0 0 0 0 2 O O F i n c a d m i u m i o n . This s o l u t i o n h a s 
the s a m e a b s o r p t i o n m a x i m u m as n i t r i t e i o n a l o n e a n d e x h i b i t s 
a l m o s t the s a m e d e g r e e of a b s o r p t i o n at each w a v e l e n g t h . As 








Figure 1. The Absorption Spectra of Solutions Containing a Fixed 
Amount of Nitrite Ion with Varying Amounts of Cadmium 
Ion. 
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m a x i m u m decreases u n t i l a m i n i m u m p o i n t is r e a c h e d a n d t h e n 
increases a g a i n . Graph 70, F i g . 1 r e p r e s e n t s the d a t a o b ­
t a i n e d f r o m the s o l u t i o n that w a s 2 . O O F in c a d m i u m i o n . This 
s o l u t i o n h a d t h e h i g h e s t c o n c e n t r a t i o n of c a d m i u m i n this 
s e r i e s of o b s e r v a t i o n s . 
A n i n s p e c t i o n of the curves p l o t t e d in Fig. 1 l e a d 
to the b e l i e f that only a s i n g l e complex is b e i n g formed. 
T h i s b e l i e f is b a s e d o n the o c c u r r e n c e of a n i s o s b e s t i c 
p o i n t at 337 m u . w h e r e all the curves i n t e r s e c t . S u c h a n 
i n t e r s e c t i o n implies either the e x i s t e n c e of only two s p e c i e s 
c o n t a i n i n g the n i t r i t e i o n o r a fortuitously identical m o l a r 
e x t i n c t i o n c o e f f i c i e n t at the i s o s b e s t i c w a v e l e n g t h for two 
d i f f e r e n t s p e c i e s . S i n c e t h e latter p o s s i b i l i t y s e e m s u n ­
likely, it w i l l b e a s s u m e d that only o n e complex i o n c o n t a i n ­
i n g t h e n i t r i t e a n d c a d m i u m ions exists i n s o l u t i o n s i n the 
r a n g e of the n i t r i t e i o n c o n c e n t r a t i o n s t u d i e d . 
A l l m e a s u r e m e n t s i n the d e t e r m i n a t i o n of t h e d i s s o c i ­
a t i o n c o n s t a n t of t h e complex i o n w e r e m a d e at 2 5 ° C . 
M e a s u r e m e n t s w i t h c a d m i u m c h l o r i d e a n d c a d m i u m p e r c h l o r a t e . — 
It is k n o w n t h a t c a d m i u m i o n a n d c h l o r i d e i o n f o r m a s e r i e s 
of complexes i n aqueous s o l u t i o n r a n g i n g f r o m C d C l ^ to 
C d C l g (3). In order to a v o i d complications r e s u l t i n g f r o m 
t h e s e e q u i l i b r i a i n the d e t e r m i n a t i o n of the d i s s o c i a t i o n 
c o n s t a n t of the c a d m i u m - n i t r i t e complex, t h e c a d m i u m i o n w a s 
i n t r o d u c e d into s o l u t i o n i n the f o r m of c a d m i u m p e r c h l o r a t e . 
1 8 
T o b e c e r t a i n t h a t a c a d m i u m - p e r c h l o r a t e c o m p l e x w a s n o t 
b e i n g f o r m e d i n s o l u t i o n , t h e f o l l o w i n g e x p e r i m e n t s w e r e 
p e r f o r m e d o n s o l u t i o n s 0 . 0 5 0 0 F i n c a d m i u m c h l o r i d e a n d 
0 , 0 2 2 I F i n p o t a s s i u m n i t r i t e a n d h a v i n g a p H o f 5 . 5 0 . T h e 
m a x i m u m a b s o r p t i o n b a n d f o r t h i s s o l u t i o n o c c u r r e d a t 
3 2 0 m u . A n o t h e r s o l u t i o n w i t h t h e s a m e p H a n d c o n t a i n i n g 
t h e s a m e c o n c e n t r a t i o n s o f c a d m i u m a n d n i t r i t e i o n b u t a l s o 
1 . 0 0 F i n s o d i u m c h l o r i d e w a s o b s e r v e d a n d e x h i b i t e d a m a x ­
i m u m a b s o r p t i o n a t 3 5 0 m u . A t h i r d s o l u t i o n h a v i n g t h e s a m e 
p H a n d c o n c e n t r a t i o n s o f c a d m i u m a n d n i t r i t e i o n a s t h e 
f i r s t t w o s o l u t i o n s , b u t a l s o b e i n g 1 . 0 0 F i n s o d i u m p e r ­
c h l o r a t e , w a s o b s e r v e d . I t s m a x i m u m a b s o r p t i o n o c c u r r e d a t 
3 2 0 m u . E i v d e n t l y , t h e a d d i t i o n a l c h l o r i d e i o n i n t h e 
s e c o n d s o l u t i o n s h i f t e d t h e e q u i l i b r i u m t o f a v o r t h e c a d m i u m 
c h l o r i d e c o m p l e x e s a n d c a u s e d t h e a b s o r p t i o n m a x i m u m t o 
o c c u r m u c h c l o s e r t o t h a t o b s e r v e d f o r n i t r i t e i o n a l o n e . 
T h e f a c t t h a t n o s u c h s h i f t i n a b s o r p t i o n m a x i m u m w a s o b ­
s e r v e d f o r t h e s o l u t i o n w i t h a d d i t i o n a l p e r c h l o r a t e i o n 
i n d i c a t e s t h a t n o a p p r e c i a b l e s h i f t i n t h e e q u i l i b r i u m b e t w e e n 
c a d m i u m a n d n i t r i t e i o n s i s c a u s e d b y t h e p r e s e n c e o f p e r ­
c h l o r a t e i o n s a n d h e n c e s u g g e s t s t h e u s e o f p e r c h l o r a t e s f o r 
t h e a d d i t i o n o f c a d m i u m i o n a n d f o r t h e a d j u s t m e n t o f i o n i c 
s t r e n g t h . 
R e a g e n t s . — T h e c a d m i u m c h l o r i d e u s e d w a s B a k e r ' s C . P . , 
a n h y d r o u s . A s t o c k , a q u e o u s s o l u t i o n o f t h i s s a l t w a s p r e 
p a r e d a n d a n a l y z e d f o r c a d m i u m c o n t e n t b y p r e c i p i t a t i o n o f 
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the c h l o r i d e i o n u s i n g silver n i t r a t e . T h e s o l u t i o n s u s e d 
in the s t u d y of the complex w e r e p r e p a r e d by d i l u t i o n of 
this stock s o l u t i o n . 
T h e c a d m i u m p e r c h l o r a t e w a s p r e p a r e d as follows: 
c a d m i u m c a r b o n a t e , B a k e r ' s C. P., w a s p l a c e d in a b e a k e r c o n ­
t a i n i n g e n o u g h w a t e r to m a k e a t h i n s l u r r y . P e r c h l o r i c acid, 
B a k e r ' s , 7 0-72 p e r cent, w a s added, slowly, w i t h constant 
s t i r r i n g u n t i l a clear s o l u t i o n w a s o b t a i n e d . T h e s o l u t i o n 
w a s t h e n h e a t e d to the b o i l i n g p o i n t a n d m a i n t a i n e d a t that 
t e m p e r a t u r e d u r i n g the r e s t o f the p r o c e d u r e . M o r e c a d m i u m 
c a r b o n a t e w a s a d d e d f o l l o w e d b y e n o u g h p e r c h l o r i c a c i d to 
o b t a i n a clear s o l u t i o n . This p r o c e s s w a s r e p e a t e d u n t i l 
the c a d m i u m p e r c h l o r a t e w a s a p p r o x i m a t e l y 2 . O O F . S o m e e x ­
cess c a d m i u m c a r b o n a t e w a s t h e n a d d e d a n d t h e s o l u t i o n a l ­
l o w e d to s t a n d o v e r n i g h t . It w a s t h e n f i l t e r e d four times 
u n t i l a clear l i q u i d was o b t a i n e d . This s o l u t i o n w a s a n a l y z e d 
for the c a d m i u m c o n t e n t by p i p e t t i n g a m e a s u r e d v o l u m e into 
a p l a t i n u m crucible, a d d i n g s e v e r a l m l . of 9.OF H g S O ^ a n d 
e v a p o r a t i n g to dryness o n a h o t p l a t e . T h e c r u c i b l e w a s t h e n 
m a i n t a i n e d in an o v e n at 5 0 0 ° C for one hour, c o o l e d , a n d t h d 
contents w e i g h e d as c a d m i u m s u l p h a t e . 
T h e s o d i u m p e r c h l o r a t e w a s p r e p a r e d by n e u t r a l i z i n g 
a n aqueous s o l u t i o n of s o d i u m h y d r o x i d e , Fischer's C. P., 
w i t h p e r c h l o r i c a c i d u n t i l a p H of 6.60 w a s o b t a i n e d . 
E q u i l i b r i a c o n s i d e r e d . — T h e v a r i o u s s p e c i e s a n d e q u i l i b r i a 
m a y b e d e s c r i b e d as follows: the r e a g e n t s u s e d i n the 
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d e t e r m i n a t i o n of the e q u i l i b r i u m constant of the c a d m i u m -
n i t r i t e complex w e r e p o t a s s i u m nitrite, c a d m i u m p e r c h l o r a t e , 
s o d i u m p e r c h l o r a t e , a n d p e r c h l o r i c acid, all d i s s o l v e d i n 
a n aqueous m e d i u m . The various ions p r e s e n t in s o l u t i o n 
are p o t a s s i u m , nitrite, cadmium, p e r c h l o r a t e , h y d r o g e n , a n d 
h y d r o x y l i o n s . S o m e e q u i l i b r i a that may b e p r e s e n t are: 
C d ^ / n N 0 2 ^ Z C d ( N 0 2 ) ^ 2 " " n (1) 
C d ^ / p O H - ^ r C d ( O H ) p 2 ~ P (2) 
C d ^ / q C 1 0 T ^ r C d ( C 1 0 4 ) ^ 2 - ^ (3) 
*±. q 
/ N O - ^ZT H N O (4) 
— 2 
It is a s s u m e d that no e q u i l i b r i a exist b e t w e e n the p o t a s s i u m 
a n d any a n i o n a n d that h y d r o g e n i o n i n e q u i l i b r i u m w i t h h y ­
droxyl i o n c a n b e n e g l e c t e d . E q u i l i b r i u m 1 is the s y s t e m 
for w h i c h this i n v e s t i g a t i o n w a s p r i n c i p a l l y u n d e r t a k e n . T h e 
p H of all s y s t e m s o b s e r v e d w a s s u f f i c i e n t l y low as to m a k e 
the e x i s t e n c e of 2 improbable. F u r t h e r m o r e , s t u d i e s at d i f ­
ferent p H levels i n the r a n g e from 3.30 to 3.90 m a y b e i n ­
t e r p r e t e d c o n s i s t e n t l y w i t h o u t i n t r o d u c i n g this e q u i l i b r i u m . 
T h e p r e s e n c e of 3 w a s s h o w n to b e n e g l i g i b l e . E q u i l i b r i u m 4 
w a s t a k e n into c o n s i d e r a t i o n in all c a l c u l a t i o n s i n v o l v i n g 
the d i s s o c i a t i o n constant of the c a d m i u m - n i t r i t e complex. 
D e t e r m i n a t i o n of the E x t i n c t i o n C o e f f i c i e n t of the C a d m i u m -
N i t r i t e C o m p l e x . — I n order to d e t e r m i n e the m o l a r e x t i n c t i o n 
c o e f f i c i e n t of the c a d m i u m - n i t r i t e complex, a s o l u t i o n c o n -
2 1 
t a i n i n g a d e f i n i t e f o r m a l i t y o f n i t r i t e i o n a n d a r e l a t i v e l y 
h i g h c o n c e n t r a t i o n o f c a d m i u m i o n w a s p r e p a r e d . I t w a s a s ­
s u m e d t h a t a t t h e s e r e l a t i v e c o n c e n t r a t i o n s o f n i t r i t e a n d 
c a d m i u m i o n s , t h e a b s o r p t i o n o b s e r v e d w o u l d b e d u e a l m o s t 
e n t i r e l y t o t h e c a d m i u m - n i t r i t e c o m p l e x . T h e d a t a o b t a i n e d 
f r o m t h i s e x p e r i m e n t a t 2 5 ° C i s c o n t a i n e d i n t a b l e 5 w h e r e 
C
° C d ^ i S t h e f o r m a U t v o f C d ( C 1 0 4 ) 2 , C ° N 0 2 t h a t o f K N 0 2 . 
T h e p H w a s a d j u s t e d w i t h H C 1 0 4 a n d D i s t h e o p t i c a l d e n s i t y 
m e a s u r e d a t 3 2 0 m u . 
T A B L E 5 
O p t i c a l D e n s i t y o f S o l u t i o n s C o n t a i n i n g a H i g h 
R a t i o o f C a d m i u m t o N i t r i t e I o n s 
S o l u t i o n C ° C d / / C ° N 0 2 p H D 
( 1 ) 0 . 5 6 8 0 . 0 2 3 0 4 . 1 0 0 . 6 0 0 
( 2 ) / 2 . 5 0 0 . 0 1 1 5 4 . 1 0 0 . 3 0 0 
T h e a b o v e d a t a p r o v i d e s a d d i t i o n a l s u p p o r t f o r t h e 
a s s u m p t i o n t h a t t h e r e i s o n l y o n e a b s o r b i n g c o m p l e x i o n i n 
s o l u t i o n s 1 a n d 2 . S i n c e i n c r e a s i n g t h e r e l a t i v e c o n c e n t r a ­
t i o n o f c a d m i u m i o n b y a f a c t o r o f a p p r o x i m a t e l y t e n i n 
s o l u t i o n 2 h a s p r o d u c e d n o p r o p o r t i o n a l c h a n g e i n a b s o r p t i o n 
b y t h i s s o l u t i o n , i t i s a s s u m e d , t h e r e f o r e , t h a t t h e p o s s i b l e 
e q u i l i b r i u m : 
C d ^ / n N 0 2 r ^ Z C d ( N 0 2 ) ^ 2 " n 
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h a s b e e n d r i v e n almost to c o m p l e t i o n towards the right by 
h a v i n g a large excess of c a d m i u m ion i n s o l u t i o n . 
T h e a b s o r p t i o n coefficient for the complex w a s calcu­
l a t e d in the u s u a l m a n n e r as f o l l o w s : 
= e x C x 1 
D. 
e s x x ~ C 1 
x 
B u t C x = C ° N 0 - / n a n d 1= 1.00 cm. T h e r e f o r e 
2 
e v s n D 
x 
C
° N 0 2 
U t i l i z i n g t h e d a t a from s o l u t i o n 2, w e h a v e 
e x = n (0«300)
 s n 2 6 . 1 , 
0.0115 
w h i c h is identical w i t h the v a l u e o b t a i n e d from d a t a on 
s o l u t i o n 1, 
E x p e r i m e n t a l d a t a . — I n order to e v a l u a t e n a n d d e t e r m i n e the 
d i s s o c i a t i o n c o n s t a n t of the c a d m i u m - n i t r i t e complex formed, 
s o l u t i o n s of k n o w n initial formality i n n i t r i t e i o n a n d 
cadmium i o n w e r e p r e p a r e d . T h e p H of each s o l u t i o n w a s deter­
m i n e d after a d d i t i o n of p e r c h l o r i c a c i d . The i o n i c s t r e n g t h 
w a s m a i n t a i n e d at u n i t y i n all s o l u t i o n s by the a d d i t i o n of 




S o l u t i o n C ° C d C
° N 0 2 pH ^ 2 0 
( 1 ) 0 . 2 1 2 8 0 . 0 2 3 0 2 3 . 9 0 0 . 5 4 0 
( 2 ) 0 . 2 1 2 8 0 . 0 2 3 0 2 3 . 9 0 0 . 5 3 0 
( 3 ) 0 . 0 5 3 2 0 . 0 2 3 0 2 3 . 9 0 0 . 4 5 0 
( 4 ) 0 . 0 5 3 2 0 . 0 2 3 0 2 3 . 3 0 0 . 4 0 0 
( 5 ) 0 . 0 1 0 6 4 0 . 0 2 3 0 2 3 . 9 0 0 . 3 3 0 
( 6 ) 0 . 0 1 0 6 4 0 . 0 2 3 0 2 3 . 3 0 0 . 3 2 0 
( 7 ) 0 . 0 1 0 6 4 0 . 0 1 1 5 1 3 . 9 0 0 . 1 7 5 
( 8 ) 0 . 0 1 0 6 4 0 . 0 1 1 5 1 3 . 3 0 0 . 1 5 1 
D e r i v a t i o n o f f o r m u l a e . — F i v e i n d e p e n d e n t r e l a t i o n s h i p s f o r 
t h e e v a l u a t i o n o f t h e d a t a o b t a i n e d by s p e c t r o p h o t o m e t r i c 
m e a s u r e m e n t s w e r e u s e d . They a r e : 
D s e N O g C^021 * e H N 0 2 C H N 0 2 1 ^ ^ x 1 
C
° N 0 = C N 0 o * ° H N 0 2 / n C x 
c
° C d = c C d ^ f c x 
K H N 0 2 = C H ^ C NQg 





E q u a t i o n 2 4 a s s u m e s t h a t t h e r e a r e o n l y t h r e e a b s o r b ­
i n g s p e c i e s i n s o l u t i o n and e v i d e n c e h a s b e e n g i v e n t h a t e a c h 
o f t h e s e s p e c i e s a b s o r b s c o n s i d e r a b l y i n t h e r e g i o n i n v e s t i ­
g a t e d . E q u a t i o n 2 5 a s s u m e s t h a t t h e r e a r e o n l y two e q u i l i b r i a 
( 2 4 ) 
( 2 5 ) 
( 2 6 ) 
( 6 ) 
( 2 7 ) 
O p t i c a l D e n s i t i e s o f S o l u t i o n s o f Cadmium and N i t r i t e 
I o n s O b s e r v e d a t t h e W a v e l e n g t h o f Maximum A b ­
s o r p t i o n o f t h e C o m p l e x . 3 2 0 mu. 
24 
p r e s e n t i n s o l u t i o n a n d that only o n e complex of cad m i u m -
n i t r i t e is f o r m e d . E v i d e n c e h a s b e e n s h o w n that t h e s e are 
J u s t i f i a b l e a s s u m p t i o n s . E q u a t i o n s 26, 6 a n d 27 assume, 
a l o n g w i t h 2 5 , that there are only two e q u i l i b r i a p r e s e n t i n 
s o l u t i o n s , namely 
E q u a t i o n 27 also assumes that a n e q u i l i b r i u m constant does 
exist for the ca d m i u m - n i t r i t e complex. 
H N O 2 Hr / N 0 2 
a n d 
C d ( N 0 2 ) n 
/ 2 - n 
•^r cart// n N 0 2 
S o l v i n g 24 a n d 25 for C w e o b t a i n equations 28 a n d 
29 , r e s p e c t i v e l y 
D - e N 0 2 C M 0 2 1 - ejmo2 C H N O 2 1 (28) 
e x l 
N 0 2 ~ C N 0 2 " C H N 0 2 
(29) 
n 
E q u a t i n g e q u a t i o n s 28 a n d 2 9 , w e o b t a i n 
D
 -
 e N 0 2 ~ ^ O g 1 " e H N 0 2 C H N 0 2 1 C N O ~ " C N C > 2 " C H N O ; 1 (30) 
e x l n 
S o l v i n g 6 for , a n d letting A z C\f 
2 
w e h a v e 
C H N 0 2 = A C N 0 2 
E x p a n d i n g 3 0 a n d s u b s t i t u t i n g into it 31 a n d s o l v i n g 
for CJJQ-, w e o b t a i n 
2 5 
C ° N 0 - D ° ( p H = 3 . 3 0 ) D ° ( p H « 3 . 9 0 ) D ° ( p H = 4 . 9 0 ) 
0 . 0 2 3 0 2 0 . 2 5 5 0 . 2 5 6 0 . 2 6 5 
D ° i s t h e o p t i c a l d e n s i t y o f a s o l u t i o n c o n t a i n i n g 
o n l y t h e n i t r i t e i o n a t a d e f i n i t e pH v a l u e . The c a l c u l a ­
t i o n o f ejjjjQg ^ A e N 0 « 2 w a s D a s e ( * o n * n e f o l l o w i n g a r g u m e n t : 
a s s u m i n g t h a t t h e o n l y a b s o r b i n g s p e c i e s i n a s o l u t i o n o f 
n i t r i t e i o n a r e t h e n i t r i t e i o n , i t s e l f , and n i t r o u s a c i d , 
we h a v e f rom e q u a t i o n 5 
D
° - e N O ^ N O J 1 + e H N 0 2 ^ N O g 1 ( 5 - 1 ) 
S u b s t i t u t i n g ( 3 1 ) i n t o ( 5 - 1 ) , we o b t a i n 
D
° = % 0 2 < e N 0 2 /
 Ae
mo2
n ( 3 3 ) 
S u b s t i t u t i n g 3 1 i n t o 4 a n d s o l v i n g f o r C ^ Q - , we h a v e 
2 
e x c ° N O „ l - n D 
C N 0 - . 2 ( 3 2 ) 
W U 2 e x ( l / A ) l - n ( e N 0 - / A e ^ U l 
S i n c e t h e v a l u e o f eg^Q i s n o t e a s i l y d e t e r m i n e d b y 
2 
e x p e r i m e n t b e c a u s e o f t h e i n s t a b i l i t y o f n i t r o u s a c i d a t 
h i g h c o n c e n t r a t i o n s , t h e q u a n t i t y , e ^ Q / A ejjjjo , wh ich a p -
2 2 
p e a r s i n 3 2 was d e t e r m i n e d by o b s e r v i n g s o l u t i o n s o f n i t r i t e 
i o n , a l o n e , a t d e f i n i t e pH v a l u e s . The d a t a o b t a i n e d f o r t h e 
c a l c u l a t i o n o f e ^ Q i s l i s t e d i n t a b l e 7 . 
TABLE 7 
O p t i c a l D e n s i t i e s o f S o l u t i o n s o f N i t r i t e 
I o n , A l o n e , a t V a r i o u s pH V a l u e s 
2 6 
H N 0 2 = 7 £ — ( 3 5 ) 
T h u s , from the D ° values in table 9 a n d 3 5 , w e o b t a i n 
the v a l u e of e N 0 / A e H N O • K n o w i n g this value, the qua n t i t y 
2 2 
e H N 0 2 c a n b e e a s H y s o l v e d . T h e s e c a l c u l a t i o n s are p r e s e n t e d 
in t a b l e 8, 
T A B L E 8 
C a l c u l a t e d V a l u e s for Molar E x t i n c t i o n C o e f f i c i e n t 
of N i t r o u s A c i d at 3 2 0 m u . 
P H 6 N 0 2 * A e H N 0 2 e H N 0 2 
3.30 25.4 11.4 
3.90 14.6 11.5 
4.90 11.9 22.4 
T h e v a l u e of ejj^o2 a t t n e p H o f 4.90 w a s r e j e c t e d 
s i n c e t h e c a l c u l a t i o n s at t h i s p H w e r e t h o u g h t to b e t h e 
least r e l i a b l e due to the rat i o o f about 1:40 of nitrous a c i d 
to n i t r i t e ion at this p H . 
D i s c u s s i o n of r e s u l t s . — T h e experimental d a t a f r o m t a b l e 6 
wa s u s e d to d e t e r m i n e the number of com p l e x i n g n i t r i t e ions 
p e r c a d m i u m ion a n d the d i s s o c i a t i o n c o n s t a n t of t h e complex 
f o r m e d . It w a s e x p e c t e d that if the d a t a in table 6 w a s 
e v a l u a t e d by the u s e of equations 2 5 , 2 6 , 2 7 , 31 a n d 32 by 
27 
a s s u m i n g different integral values for n , the correct 
s e l e c t i o n of n w o u l d l e a d to t h e e v a l u a t i o n of a s e r i e s of 
numbers, i..£. , d i s s o c i a t i o n c o n s t a n t s , that w o u l d vary little 
from o n e another in m a g n i t u d e . H o w e v e r , the d i s s o c i a t i o n 
constants c a l c u l a t e d in o n the b a s i s of the other n v a l u e s 
w o u l d s h o w a d i s t i n c t drift as the ratio of the c o n c e n t r a ­
tions of c a d m i u m i o n to n i t r i t e ion c h a n g e d w i t h each s u c c e s ­
s i v e s o l u t i o n . T h e r e s u l t s of t h e s e c a l c u l a t i o n s are p r e s e n t e d 
in t a b l e 9. It s e e m s immediately evident that the number of 
c o m p l e x i n g n i t r i t e ions p e r cadmium ion is n o t equal to 
three or four. It w a s a s s u m e d that s e l e c t i o n s of n greater 
than four w o u l d l e a d to r e s u l t s similar to those f o u n d for n 
equal to t h r e e or four. However, difficulty is e n c o u n t e r e d 
w h e n an attempt is m a d e to m a k e a s e l e c t i o n of n o n the b a s i s 
of n equal to one or two. If the v a l u e of n h a d to b e 
s e l e c t e d o n the b a s i s of t h e s e calculations alone, it w o u l d 
appear m o r e likely to s e l e c t n equal to one s i n c e the a v e r a g e 
d i f f e r e n c e b e t w e e n the d i s s o c i a t i o n c o n s t a n t values for n 
equal to o n e are less than for n equal to two. T h e drift i n 
the d i s s o c i a t i o n constant values c a l c u l a t e d o n the b a s i s of 
n equal to o n e s u g g e s t e d that further i n v e s t i g a t i o n b e m a d e 
to e s t a b l i s h the v a l u e of n . 
It was thought that p e r h a p s s o m e of the e x p e r i m e n t a l 
d a t a was y i e l d i n g numbers that w e r e not s u f f i c i e n t l y a c ­
curate for the p r e s e n t i n v e s t i g a t i o n . A n i n s p e c t i o n of e q u a ­
t i o n (32) s h o w s that t h e r e are five experimentally d e t e r m i n e d 
28 
numbers i n this f o r m u l a t i o n . They are e x , C ° N 0 - , D, C H / , 
2 
K H N O 9 a n d e N 0 ~ * T n e o n l y number a m o n g t h e s e that c o u l d b e 
2 2 
s h i f t e d in either a p l u s or m i n u s d i r e c t i o n so as to cause 
the d i s s o c i a t i o n c o n s t a n t v a l u e s , for the right s e l e c t i o n of 
n, to converge, is e x . A consistent p l u s or m i n u s a l t e r a ­
t i o n i n t h e other values w o u l d simply c a u s e a d i s p l a c e m e n t 
i n t h e d i s s o c i a t i o n c o n s t a n t values for any n s e l e c t e d . It 
w a s t h o u g h t , therefore, that t h e r e m u s t b e a m o r e nearly 
co r r e c t value for e x for n equal to either o n e or two. It 
s h o u l d b e impossible to f i n d any other v a l u e of e x t h a t w o u l d 
m a k e t h e d i s s o c i a t i o n constants for t h e i n c o r r e c t s e l e c t i o n 
of n c o n v e r g e . In c a l c u l a t i n g a n e w e x for n equal to o n e 
a n d two, the two d i s s o c i a t i o n constants w i t h the largest 
n u m e r i c a l d i f f e r e n c e w e r e s e l e c t e d as a b a s i s for d e t e r m i n i n g 
t h e n e w e x . T h i s n e w e x w a s then p l a c e d into the c a l c u l a ­
t i o n s for the r e - d e t e r m i n a t i o n of the o t h e r d i s s o c i a t i o n c o n ­
s t a n t s , A n e x o f 24.6 w a s f o u n d for n equal to o n e w h i c h 
b r o u g h t t h e d i s s o c i a t i o n constants for this v a l u e of n into 
e x c e l l e n t a g r e e m e n t . No v a l u e of e x for n equal to two c o u l d 
b e f o u n d that w o u l d give a s i m i l a r d e g r e e of a g r e e m e n t . A n 
e x of 57.0 w a s f o u n d to b r i n g the d i s s o c i a t i o n c o n s t a n t s c a l ­
c u l a t e d for n equal to two into b e t t e r a g r e e m e n t . T h e r e ­
s u l t s of these c a l c u l a t i o n s a r e l i s t e d i n t a b l e 10. 
T A B L E 9 
D i s s o c i a t i o n C o n s t a n t s for the C a d m i u m - N i t r i t e C o m p l e x U s i n g 
the Experimental Molar E x t i n c t i o n C o e f f i c i e n t s 
T h e dissociation c o n s t a n t s i n this t a b l e h a v e 
b e e n c a l c u l a t e d w i t h t h e following c o n d i t i o n s : 
e v ( n ) = 2 6 . In 
C
° C d " ^ N 0 2 P H K (n=l) K (n=2) K (n=3) 
0.2128 0.02302 3.90 3.80 X I O " 2 2.96 X 10*" 4 1.71 X 1 0 " 
0.0532 0.02302 3.90 2.88 X I O " 2 6.20 X i o - 4 9.25 X 1 0 " 
0.01064 0.02302 3.90 1.95 X I O " 2 9.05 X i o - 4 2.62 X 1 0 " 
0.01064 0.01151 3.90 1.84 X 1 0 " 2 3.46 X i o - 4 
0.2128 0.02302 3.30 3.80 X I O " 2 2.86 X i o " 4 9.60 X 1 0 " 
0.0532 0.02302 3.30 4.67 X i o - 2 10.2 X i o - 4 5.29 X i o " 




° C d " C N 0 2 pH K (n : :1) K (n=2) 
0.2128 0. 02302 3.90 1.56 X 10~ 2 9.58 x I O " 4 
0.0532 0.02302 3.90 2.14 X I O " 2 10.3 x 10~ 4 
0.01064 0.02302 3.90 1.50 X I O " 2 12.2 x 10 " 4 
0.01064 0.01151 3.90 1.47 X I O " 2 4.61 x 10 " 4 
0.2128 0.02302 3.30 1.88 X 10" 2 7.95 x 10 " 4 
0.0532 0.02302 3.30 3.78 X 1 0 " 2 15.5 x 10 " 4 
0.01064 0.02302 3.30 1.76 X i o - 2 11.0 x 10 " 4 
D e t e r m i n a t i o n o f n b y t h e m e t h o d o f c o n t i n u o u s v a r i a t i o n s . — 
J o b . ( 4 ) , h a s shown a m e t h o d o f d e t e r m i n i n g t h e number o f 
i o n s o f a p a r t i c u l a r s p e c i e s t h a t c o m p l e x w i t h a d i f f e r e n t 
s i n g l e i o n i f a s u i t a b l e p r o p e r t y o f t h e s o l u t i o n can b e 
m e a s u r e d . A p r o p e r t y w h i c h r e a d i l y l e n d s i t s e l f t o t h e p a r ­
t i c u l a r p r o b l e m i n t h i s i n v e s t i g a t i o n i s a s p e c t r o p h o t o m e t r i c 
m e a s u r e m e n t on t h e s o l u t i o n i n v o l v e d . I n t h i s m e t h o d o f c o n -
D i s s o c i a t i o n C o n s t a n t s f o r C a d m i u m - N i t r i t e Complex U s i n g 
A d j u s t e d M o l a r E x t i n c t i o n C o e f f i c i e n t s 
The d i s s o c i a t i o n c o n s t a n t s i n t h i s t a b l e h a v e 
b e e n c a l c u l a t e d w i t h t h e f o l l o w i n g c o n d i t i o n s : 
"HHOfc = 1 5 ' 9 X 1 0 " 4 
e ( n = l ) s 2 4 . 6 
e ( n = 2 ) = 57.0 
31 
tlnuous v a r i a t i o n s , equiformal s o l u t i o n s of t h e two ions 
t h a t complex w i t h e a c h other are m i x e d i n s u c h p r o p o r t i o n s 
that t h e total formality remains c o n s t a n t . Consider the 
e q u i l i b r i u m . 
A / n B A B n 
If y is the v o l u m e of s o l u t i o n c o n t a i n i n g B , t h e n L-y is 
t h e volume of s o l u t i o n c o n t a i n i n g A a n d the t o t a l v o l u m e 
r e m a i n s equal to L after m i x i n g . A s e r i e s of s u c h s o l u ­
tions a r e m a d e a n d o b s e r v e d o n the s p e c t r o p h o t o m e t e r at a 
w a v e l e n g t h c o r r e s p o n d i n g to m a x i m u m a b s o r p t i o n of the c o m ­
plex. A p l o t is t h e n m a d e of D - xO* v e r s u s x w h e r e 0 is 
t h e o b s e r v e d o p t i c a l density of t h e p a r t i c u l a r s o l u t i o n ; 
x is t h e f r a c t i o n y / L a n d D* is the a b s o r p t i o n d u e to B 
a l o n e . T h e relation* xmnv • - JL,is then u s e d to d e t e r m i n e n . 
m a x .
 n / 1 
In this i n v e s t i g a t i o n , s o l u t i o n s 0.04604F in c a d m i u m 
p e r c h l o r a t e a n d p o t a s s i u m n i t r i t e w e r e u s e d to m a k e the 
s e r i e s of s o l u t i o n s from w h i c h m e a s u r e m e n t s w e r e m a d e . T h e 
p H w a s k e p t constant at 4.50 a n d t h e i o n i c s t r e n g t h w a s 
m a i n t a i n e d at 1.00 by m e a n s of s o d i u m p e r c h l o r a t e . T h e f o l ­
lowing d a t a was o b t a i n e d . 
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T A B L E 11 
X 1 0.7 0.6 0.5 0.4 
M 1
-
K N 0 2 30 21 18 15 12 
M l . C d ( C 1 0 4 ) 2 0 9 12 15 18 
D 0.515 0.485 0.450 0.400 0.340 
D-xD' 0 0.125 0.141 0.143 0.134 
T h e initial s o l u t i o n s of p o t a s s i u m n i t r i t e a n d c a d ­
m i u m p e r c h l o r a t e w e r e 0 . 0 7 6 7 3 F a n d w e r e c o m b i n e d to form a 
t o t a l volume of 30 m l . 15.8 m l . of s o d i u m p e r c h l o r a t e w a s 
a d d e d to e a c h s o l u t i o n w h i c h w a s t h e n d i l u t e d to 50 m l . 
m a k i n g the t o t a l formality 0.04604. 
It is s e e n that o c c u r s a 0.5. A c c o r d i n g to 
the f o r m u l a g i v e n above i n v o l v i n g x m a x - a v a l u e of 0.5 for 
x m a x c o r r e s p o n d s to n equal to o n e . This s a m e e x p e r i m e n t , 
u n d e r the s a m e conditions of c o n c e n t r a t i o n s of n i t r i t e a n d 
c a d m i u m ions b u t w i t h the i o n i c s t r e n g t h m a i n t a i n e d at 0.05, 
w a s p e r f o r m e d in the s a m e m a n n e r . T h e r e s u l t s are l i s t e d 
below. 
E x p e r i m e n t a l D - x D 1 V a l u e s at u = 1 . 0 0 
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T A B L E 12 
X 1 0.7 0.6 0.5 0.4 
M 1 . K N 0 2 50 35 30 25 20 
M l . C d ( C 1 0 4 ) 2 0 15 20 25 30 
D 0.515 0.507 0.460 0.410 0.335 
D - x D ' 0 147 151 153 129 
T h e i n i t i a l s o l u t i o n s of p o t a s s i u m n i t r i t e a n d 
c a d m i u m p e r c h l o r a t e w e r e each 0.0460F. T h e total volume, 
after m i x i n g , w a s 50 Ml so that t h e final formality w a s the 
s a m e as i n t h e experiment above, .i.e., 0.04604. It is s e e n 
f r o m table 12 that • m a x occurs at 0.50 w h i c h c o r r e s p o n d s to 
n equal to o n e . 
By u s i n g t h e d a t a o b t a i n e d from the m e t h o d of c o n ­
t i n u o u s v a r i a t i o n s , it w a s n e x t t h o u g h t t h a t it m i g h t b e i n ­
t e r e s t i n g to s e e if o n e c o u l d u s e the Kx f o u n d for n equal 
to o n e a n d c a l c u l a t e the D values o b t a i n e d by e x p e r i m e n t . 
O n e c o u l d t h e n do the s a m e for n equal to two a n d o b s e r v e 
w h e r e x m a x < lies i n each case, a n d t h e k i n d of c o r r e s p o n d e n c e 
o b t a i n e d b e t w e e n t h e c a l c u l a t e d a n d o b s e r v e d D v a l u e s . T h e 
K x s e l e c t e d for t h e c a l c u l a t i o n s o n t h e b a s i s of n equal to 
o n e w a s 1.4 x 1 0 ~ 2 . T h e v a l u e of Kx for n equal to two w a s 
4 x 10"" 4. T h e b a s i s f o r t h e c a l c u l a t i o n s is as f o l l o w s ; 
s o l v i n g 25 a n d 31 for C N O - , w e obtain: 
E x p e r i m e n t a l D - x D f V a l u e s at u = 0 . 0 5 
3 4 
c N O g " C ° N Q 2 " N C X ( 3 6 ) 
1 / A 
T h e e x p r e s s i o n s f o r C c d / / a n d C N 0 - f r o m 2 6 a n d 3 6 
2 
r e s p e c t i v e l y , a r e t h e n s u b s t i t u t e d i n t h e e q u i l i b r i u m e x ­
p r e s s i o n f o r t h e c o m p l e x 
.
 C c d ^ C N 0 5 < 2 7 ) 
E x p r e s s i o n 2 7 i s t h e n s o l v e d f o r C x , a f t e r w h i c h 
C ^ d / / a n d % Q - c a n b e c a l c u l a t e d f r o m 2 6 a n d 3 6 r e s p e c t i v e l y . 
A s s u m i n g t h a t t h e n i t r i t e i o n , n i t r o u s a c i d , a n d t h e c o m p l e x 
m o l e c u l e a r e t h e o n l y a b s o r b i n g s p e c i e s i n s o l u t i o n , w e t h e n 
u s e r e l a t i o n 2 4 t o c a l c u l a t e D . e N C > 2 A N < i l x n a v e D e e n p r e ­
v i o u s l y d e t e r m i n e d . T h e a d j u s t e d n u m b e r s f o r e x w e r e u s e d . 
C N 0 - a n d CJJJJQ w e r e e v a l u a t e d b y 3 6 a n d 3 1 r e s p e c t i v e l y , 
2 2 
T h e r e s u l t s o f t h e s e c a l c u l a t i o n s a r e s u m m a r i z e d i n t a b l e 1 3 . 
T A B L E 1 3 
C a l c u l a t e d D - x D 1 V a l u e s f o r n E q u a l t o O n e a n d T w o 
n = 1 
x 1 0 . 8 0 . 7 0 . 6 0 . 5 0 . 4 
D 0 . 5 1 5 0 . 4 9 7 0 . 4 7 5 0 . 4 4 5 0 . 4 1 6 0 . 3 4 2 
D - x D » 0 0 . 0 8 5 0 . 1 1 5 0 , 1 3 6 0 , 1 5 8 0 , 1 3 6 
n = 2 
x 1 0 , 8 0 , 7 0 , 6 0 , 5 0 , 4 
D 0 , 5 1 5 0 , 5 8 1 0 , 5 6 8 0 , 5 1 5 0 , 4 3 7 0 , 3 1 9 
D - x D * 0 0 , 1 6 9 0 , 2 0 8 0 , 2 0 6 0 , 1 7 9 0 , 1 1 3 
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It is s e e n f r o m t a b l e 13 that the m a x i m u m for n equal 
to o n e occurs at x equal to 0.5. The m a x i m u m for D - xD* 
for n equal to two occurs at 0.7. T h u s , the e x p e r i m e n t a l 
a n d c a l c u l a t e d m a x i m u m values of D - x D 9 occur at t h e s a m e 
v a l u e of x for n equal to o n e . It is also n o t i c e d that 
t h e d i f f e r e n c e s b e t w e e n t h e experimental a n d c a l c u l a t e d 
values of D - x D * , at an ionic s t r e n g t h of 1.00 are m u c h 
s m a l l e r for n equal to one t h a n for n equal to two. T h e r e 
is thus b e t t e r e v i d e n c e for b e l i e v i n g that n is equal to 
o n e rather t h a n two. 
C H A P T E R I V 
S U M M A R Y 
T h e i m p o r t a n t r e s u l t s t h a t h a v e c o m e o u t o f t h e 
e f f o r t t o e s t a b l i s h t h e d i s s o c i a t i o n c o n s t a n t s o f t h e 
c a d m i u m - n i t r i t e c o m p l e x a r e ; 
A c a d m i u m - n i t r i t e c o m p l e x d o e s e x i s t w h i c h h a s a 
f o r m u l a C d N O ? [ . 
T h e d i s s o c i a t i o n c o n s t a n t f o r t h i s c o m p l e x i s 
-2 
1.4 x 10 , i n a s o l u t i o n o f i o n i c s t r e n g t h , 1.00, p r e p a r e d 
w i t h s o d i u m p e r c h l o r a t e . T h e e x i s t e n c e o f c o m p l e x f o r m a t i o n 
b e t w e e n m e r c u r i c a n d z i n c i o n s a n d t h e n i t r i t e i o n h a s 
s t r o n g s u p p o r t f r o m s p e c t r o p h o t o m e t r i c o b s e r v a t i o n s o n 
s e p a r a t e s o l u t i o n s o f m e r c u r i c a n d z i n c i o n s w i t h t h e n i t r i t e 
i o n . 
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APPENDIX A 
ESTIMATION OF THE DISSOCIATION CONSTANT 
OF A CADMIUM-CHLORIDE 
In the f i r s t par t of t h i s thes i s , i t was remarked 
that so lu t ions of cadmium ch lor ide and potassium n i t r i t e 
were observed at high pH values. I t has been reported 
tha t cadmium and ch lor ide ions combine to give cadmium-
ch lor ide complexes that range from CdCl^ to CdClg (5), 
An attempt w i l l be made to determine the d issoc ia t ion con­
stant of one of the cadmium-chloride complexes and to see 
i f t h i s value can be approximately checked i n the l i t e r ­
a ture . The der iva t ion of the formulae involved are as 
fo l lows: 
D
 =
 eN0§ CN02 1 * eCdN0£ CCdN0£ 1 ( 3 7 ) 
c
° C d = c C d ^  °Cdc/ ^ CCdN02 ( 3 8 ) 
C
°N02 " CN02 ^ CCdNo£ ( 3 9 ) 
c
° c r *
 C c f * W * ( 4 0 ) 
w / c c / ^ o 2 <27) 
KCdN02~ —~ 
^CdNOg 
K C d C l * -^8——S1-
u C d C l ^ 
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E q u a t i o n 37 a s s u m e s that there are only two a b s o r b ­
ing s p e c i e s in solution; the n i t r i t e i o n a n d the C d N O ^ 
complex* T h e s o l u t i o n s of cadmium, n i t r i t e , a n d c h l o r i d e 
ions w e r e o b s e r v e d at a p H of 6,50 s o that the amount of 
n i t r o u s a c i d i n s o l u t i o n c a n b e n e g l e c t e d . P r e v i o u s e x p e r i ­
m e n t s i n d i c a t e that the c a d m i u m - c h l o r i d e complex does n o t 
absorb• 
E q u a t i o n 38 assumes the f o r m a t i o n of only o n e c a d m i u m -
c h l o r i d e complex* 
S o l v i n g 27 for C C d N 0 / , a n d s u b s t i t u t i n g i n 3 9 , w e 
2 
h a v e : 
C ° 
C - N 0 2 C N 0 2 = (42) 
KCdN(>£ 
S o l v i n g 27 a g a i n for C C d N 0 ^ a*1*1 s u b s t i t u t i n g this 
r e s u l t a n t e x p r e s s i o n into 3 7 , w e o b t a i n 
S u b s t i t u t i n g 41 into 42 a n d s o l v i n g for C C d / / , w e 
o b t a i n 
CCd" = K C d N 0 o D ~ C°»09. e N O j (44) 
^ N O g eCdNog " D 
T h e e x p e r i m e n t a l d a t a o b t a i n e d for t h e d e t e r m i n a t i o n 
of the c a d m i u m - c h l o r i d e complex is c o n t a i n e d in table 14 
a l o n g w i t h the c a l c u l a t e d d i s s o c i a t i o n constants of the 
c a d m i u m - c h l o r i d e complex* 
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T A B L E 14 
D i s s o c i a t i o n C o n s t a n t s C a l c u l a t e d for the 
C a d m i u m - C h l o r i d e Complex (CdCl^) 
















K C d c / 
5.00 x 10 
3.94 x 10 




T h e v a l u e for the d i s s o c i a t i o n constant o f the 
c a d m i u m m o n o c h l o r i d e complex, g i v e n i n the literature is 
—2 
1.1 x 10 w h i c h was c a l c u l a t e d f r o m c o n d u c t a n c e m e a s u r e ­
m e n t s (5 ). 
I i O 
A P P E N D I X B 
C O M P L E X FORMATION O F N I T R I T E ION W I T H O T H E R CATIONS 
A study w a s m a d e of s o l u t i o n s of the chlorides of 
a few of the alkali m e t a l s , a l k a l i n e earths, a n d t h e r e s t 
of G r o u p I I B , c o n t a i n i n g n i t r i t e i o n to d e t e r m i n e w h e t h e r 
or not any i n d i c a t i o n of complex f o r m a t i o n c o u l d b e f o u n d . 
R u b i d i u m , cesium, m a g n e s i u m , calcium, a n d b a r i u m s h o w e d 
little i n d i c a t i o n of complex f o r m a t i o n s i n c e the s p e c t r u m 
o b t a i n e d f r o m s o l u t i o n s c o n t a i n i n g each of t h e s e cations 
a n d the n i t r i t e ion w a s essentially that of the n i t r i t e ion 
a l o n e . T h e s o l u t i o n s u s e d w e r e 0.10F i n the c a t i o n a n d 
0.022F in n i t r i t e ion* Z i n c a n d mercury, h o w e v e r , g a v e 
s t r o n g e v i d e n c e of complex formation* A s y s t e m a t i c , q u a n t i ­
t a t i v e study of t h e s e complexes w o u l d b e of c o n s i d e r a b l e 
i n t e r e s t b u t h a s not b e e n u n d e r t a k e n here. S u c h a study 
m u s t a c c o u n t s a t i s f a c t o r i l y for e q u i l i b r i a i n v o l v i n g t h e 
c h l o r i d e or o t h e r a n i o n complexes a n d w o u l d u n d o u b t e d l y be 
o f importance* 
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